Short Communication
Possible long-range step interaction in 4He due to In a previous paper [1] it has been shown that steps at the superfluid-solid interface of helium-4 can interact each other via hydrodynamic superfluid flow. At zero temperature, it gives a d-2 repulsion, which has the same power-law dependence on the step distance d as that of the elastic [2] and the statistical interactions [3] . The figure 1 .
The interaction free energy (10) irs positive and proportional to d~ ~ except the weak d-dependence of 7i. Thus we obtain a d~ ~ repulsive interaction, which decays more slowly than the elastic [2] and the statistical interactions [3] . Note that the interaction depends only on temperature and (11) [5] .
A vicinal surface consists of an array of parallel steps. If there are not any direct interaction between steps, the oscillation spectrum of this surface is [1] where Mk is the effective mass of the surface (1~ :. with Thus the interaction free energy of this system is where N is the number density of steps: ~V = 1/d. As before, at high temperatures this equation takes a simple form where the integral is a slowly varying function of z, and its behavior is shown in figure 1 .
Basic features of (18) is the same as that of two steps, (10) : the interaction free energy per step is proportional to d-1.
The interference of the step oscillation brings about a d-1 hydrodynamic step repulsion at "high" temperatures, in contrast to d-2 at zero temperature [1] . Actually, the "high" temperature is not so high. If we take d -10a and assume ~ ~ a, we obtain w~~ d ~ 108 s-1 with an experimental value [6] of ,Q ~ 0.02 erg/cm, and the corresponding temperature is T -10-3 K.
This hydrodynamic interaction is the first example of d-1 type( 1 ), which gives a quadratic term in the free energy expansion [7] , and most long-ranged so far known in this system. It is still unsettled that there is a quadratic term in this system. There are two observations of the equilibrium crystal shape of 4He : the first one [8] supports the existence of a quadratic term, but the most recent one [9] is unfavorable to this term [10] . Measurement of the surface stiffness a has been done recently by observing the crystallization spectrum on vicinal faces [11, 12] . The experiment indicates the existence of a long-range repulsive interaction. Unfortunately, our hydrodynamic interaction is not strong enough to explain the experimental value of a. Its contribution to the surface stiffness is expected to be which is rather small compared with the observed surface stiffness &#x26; -10-1 erg/cm2. Whether the present hydrodynamic interaction contributes to the surface stiffness can be judged by measuring temperature dependence of a.
